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Abstract 
Data centres are large energy consumers, which have become more energy efficient 
in recent years due to increased awareness of opportunities, increasing energy costs 
and corporate social responsibility pressures.  A lifecycle assessment approach 
identifies two other significant areas of impact: the embodied impact of IT equipment 
and mechanical and electrical plant, and the electricity source used in operational 
and embodied processes.  
Many data centre operators publicise their energy efficiency, some also report on 
their carbon footprint.  However, there is a need for simple tools in order to help 
operators better understand and quantify the embodied impact and inform green 
procurement.  Focussing purely on energy efficiency may cause a burden shift; e.g. 
by replacing equipment with more efficient equipment but increasing the embodied 
impact.  The total environmental impact could remain the same / increase, but with 
the perception of a ‘greener’ data centre. Although currently there is limited data 
available for data centre life cycle assessments (LCA) and the process is resource 
intensive, research has identified which factors significantly impact a facility’s 
environmental impact.  This knowledge should be used in the design process and 
throughout the data centre lifecycle to minimise data centre environmental impact.   

Keywords data centre, energy efficiency, environmental impact, life cycle 
assessment 
 
Practical application  
As the data centre industry continues to grow and its sustainability receives closer 
scrutiny it is important to increase awareness of where its highest environment 
impacts lie and analyse the factors which influence this.  This can help inform policy 
and decision making to support the design and operation of data centres which are 
truly more sustainable.  It is important that this research is not just theoretical but can 
translate into practical actions which can be implemented in a cost effective manner 
for the benefit of everyone.  The current focus in industry has been energy 
consumption and energy efficiency; many practices which were considered 
innovative a few years ago have now become standard best practice.  It is time to 
examine which other areas should be prioritised for improvement. 
 
Introduction 
Increasing use of IT services has meant an increase in data centre energy 
consumption.  Most modern data centres have an awareness of power and cooling 
systems energy efficiency and many measure and report on their Power Usage 
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Effectiveness (PUE), the ratio of total facility energy to IT energy.  The inverse of this 
is known as data centre infrastructure efficiency (DCiE) (1).  This quantifies how 
much energy is used by mechanical and electrical (M&E) services for powering and 
cooling the IT load; more energy efficient facilities use less energy to do this and 
hence have a PUE / DCiE closer to 1.  This is only one aspect of energy efficiency 
and does not account for the efficiency of the IT hardware itself, for example how 
much of the load supplied to servers, network or storage devices is lost in the power 
supply (conversion losses), fans or other components.  There is an Energy Star 
specification on server power supply efficiencies (2).  There is also scope to reduce 
the total IT load by consolidating servers, virtualising, improving utilisation and 
reducing losses associated with part load operation, and reducing power 
consumption when idle.  IT efficiency is difficult to quantify because of the varied 
nature of IT outputs; a data centre might deliver a certain number of computations 
per watt but it may be possible to achieve the same result with less computations.  
The Green Grid describes a number of proxy metrics, which may assist (3).  Any 
reduction in IT load also reduces the associated M&E load, which provides power 
and cooling.  The EU Code of Conduct for Data Centre Energy Efficiency (4) 
describes a number of best practices for both M&E services and IT hardware and 
software to improve energy efficiency. 
 
Life cycle assessment takes a holistic approach to analysis of environmental impact, 
from the point of material extraction to end-of-life, as shown in Figure 1 below.  Life 
cycle assessments of data centres have been undertaken (5,6) which identify that the 
key areas of importance are energy consumption during the in-use phase (related to 
energy efficiency), the embodied impact of materials in the data centre (including IT 
equipment and M&E services) and the impact of the source energy (e.g. renewable 
or fossil fuel based) for all phases, i.e. not just in-use but also during manufacture 
etc.   

 
Figure 1 Life cycle assessment (reproduced with permission from CIBSE 
TM56 Figure 7 page 9 (7))  
A document is currently in development to complement the EN50600 data centre 
series technical report on energy efficiency, CLC/TR 50600-99-1 (8), CLC/TR 50600-
99-2 will provide recommended practices on data centre sustainability beyond energy 
efficiency. 
Clients are increasingly specifying buildings which can demonstrate an improved 
environmental performance in order to strengthen their brand and gain market 
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Assessing the issues and impacts across all five of these 
phases makes up a full life cycle assessment (sometimes 
called a full cradle-to-grave assessment) of a particular 
product or even a category of products and materials. This 
is illustrated in Figure 7.

operational carbon in construction over the last 
three years’.

 — ‘Increased focus is now being placed upon 
Embodied Carbon in Buildings, explain your 
understanding of this and the extent of expertise 
within your organisation. How would you promote 
this expertise at a project and framework level?’.

 — ‘With an established best-practice benchmark for 
‘embodied energy’ in university buildings of 845 kg 
of CO2 per square metre, the goal for the NRP 
Enterprise Centre is just 168 kgCO2e/m²’. 
(University of East Anglia).

Designers have to be more aware of life cycle impacts and 
embodied energy/carbon to be able to respond to these 
requests from clients.

8 Assessment and tools
An effective way to assess the environmental impacts 
associated with resource use is to consider the whole life 
cycle of a product or a system, including the manufacture, 
usage and end of life. This assessment is known as life cycle 
assessment. The results of these assessments can be 
presented as an environmental product declaration for a 
product (EPD). EPDs can be used to help decide whether one 
product has a lower environmental impact than another 
and whether manufacturers have considered, and reduced, 
the impacts of their products.

8.1 Life cycle assessment (LCA)

Life cycle assessment is a methodology used to measure the 
environmental impact of a product (or a system) over a life 
cycle. It measures the environmental impacts from 
extraction of raw materials, through processing, 
manufacture, refurbishment to eventual end of life and 
disposal. Typically, this includes five basic phases� 

(1) Extraction phase (known as the cradle)� The raw 
material(s) of the product are identified along with 
the means of extracting and transporting that 
material to a manufacturing site. 

(2) Material formation and manufacturing phase� The 
processes to turn ore into raw materials, such as 
steel correspond to cradle to gate data. However, in 
addition, there are usually a number of 
manufacturing phases, such as forming, anodizing 
or galvanizing, fabrication, etc. Some phases are 
concurrent, while others are successive.

(3) Construction phase� The products are transported 
from a factory to the site and installed as part of the 
normal construction process.

(4) Use phase� The product begins its useful service life 
as part of the building to the benefit of the building 
owner and users. 

(5) End of life phase (known as the grave)� At the end 
of the useful life in the building, the product moves 
to its end of life phase where it needs to be removed 
and either reclaimed, repurposed, recycled, reused, 
or disposed of. 

Assessment and tools

Landfill

Disposal

Maintenance

Use
Construction

Transport

Waste

Material formation
and manufacturing

Extraction
Reuse

Figure 7 Life cycle assessment

The impacts covered by life cycle assessment include�

 — resource depletion� the consumption of finite 
resources including those used for energy (oil, gas, 
coal, metals, etc.) 

 — acidification potential� the potential for the product 
to contribute to acid rain 

 — eutrophication potential� the product’s contribution 
to water or soil nutrients that cause algal blooms 

 — global warming potential� the emissions of carbon 
dioxide, or other gases such as methane, that affect 
the earth’s atmosphere 

 — photochemical ozone creation potential� the contri-
butions to smog caused by hydrocarbon emissions. 

Embodied carbon is often calculated on its own without 
considering any of the other impacts that comprise a 
comprehensive lca, This is discussed further in section 
8.4.

Figure 8 shows the scope of a life cycle assessment conducted 
in accordance with the ISO standard for developing 
Environmental Product Declarations (see section 8.2).

8.1.1 Screening life cycle assessment

A full life cycle assessment is a complex process and requires 
a lot of data to complete.

A simplified approach to life cycle assessment can be taken 
which can be used to provide an approximate comparison 
between different equipment and systems. This is known 
as a screening life cycle assessment and is common practice 
as full life cycle assessments can be complex and expensive.

The assumptions used to simplify the assessment should be 
clearly stated. Ideally, the comparison should consider the 
whole system as there may be additional equipment 
required for one system that is not required for another. For 
example, comparing a water-cooled chiller directly with an 
air-cooled chiller would not give the whole picture without 
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advantage.  Whilst the business case for energy efficiency is apparent (reducing 
energy consumption reduces operating costs), increasing profitability by using 
renewable energy or reducing embodied impact is less clear (9).  There is legislation 
in place which relates to embodied and life cycle impacts including EU Ecodesign of 
energy-related products directive (10) and EU WEEE (Waste Electrical and 
Electronic Equipment) Directive (11).  ITU have published guidance for the recovery 
and recycling of materials contained in ICT equipment (12). 
 

Life Cycle Assessment 
Life cycle assessment (LCA) is a systematic tool for assessing iteratively the impact 
a product, process or service has on the environment (13). Through the compilation 
of an inventory, an LCA looks at the products and processes contained within a 
system, from the extraction of raw materials through manufacturing, transportation, 
operation, and eventual disposal – from cradle to grave. The assessment uses 
functional units, which enable designers and engineers to compare design choices 
based on their potential impacts on resource use, human health, and ecosystem 
quality indicators; these comprise several impact categories including global 
warming, ozone depletion, acidification, water eutrophication etc. 
The international standards BS EN 14040 and 14044 set out the principles and 
framework (14), requirements and guidelines (15) of life cycle assessment, and 
define the constituent stages as follows, and illustrated in figure 2:  
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4.2.3 LCA results may be useful inputs to a variety of decision-making processes. Direct applications of the 
results of LCA or LCI studies, i.e. the applications intended in the goal and scope definition of the LCA or LCI 
study, are depicted in Figure 1. More information on application areas for LCA can be found in Annex A. 

 

Figure 1 — Stages of an LCA 

4.3 Key features of an LCA 

The following list summarizes some of the key features of the LCA methodology: 

a) LCA assesses, in a systematic way, the environmental aspects and impacts of product systems, from raw 
material acquisition to final disposal, in accordance with the stated goal and scope;  

b) the relative nature of LCA is due to the functional unit feature of the methodology; 

c) the depth of detail and time frame of an LCA may vary to a large extent, depending on the goal and scope 
definition; 

d) provisions are made, depending on the intended application of the LCA, to respect confidentiality and 
proprietary matters; 

e) LCA methodology is open to the inclusion of new scientific findings and improvements in the state-of-the-
art of the technique; 

f) specific requirements are applied to LCA that are intended to be used in comparative assertions intended 
to be disclosed to the public; 

EN ISO 14040:2006
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Figure 2 LCA process (reproduced from BS EN 14040 (13))1  
 

• Goal and scope – intended application and audience, system definition, 
functional unit, inputs (materials and energy) and outputs (emissions), impact 
categories, and assessment and interpretation methodologies. 

• Life cycle inventory (LCI) – the collection and calculation of inputs and outputs. 

• Life cycle impact assessment (LCIA) – the classification of LCI data into 
impact types and characterisation of relative impacts from each type 

• Interpretation of results in which conclusions and recommendations are made 
(as shown this is typically an ongoing, iterative process).  

 
This holistic approach means that the embodied impacts (pre- and post-operation) 
from numerous different emissions, including but not exclusively those that result 
from using energy during the in use phase, are taken into account.   

Current Methods Available for Assessing Data Centre Life Cycle 
Impact 
A number of tools are available to assess the environmental impact of buildings (non-
specific to data centres) including BEES, IMPACT, ENVEST ®, Athena Impact 
Estimator, Eco-Quantum, EcoEffect (16).  
There are also tools which deal with some areas of data centre environmental 
impact: 

• EETCO – an estimation and exploration tool used to provide qualitative trends of 
server decisions on the total cost of ownership. Looks at the carbon emissions 
and cost implications of data centre design choices. 

• ASTRO – an integrated environment for the assessment of data centre reliability, 
dependability and LCA for power and cooling. 

• CLEER - Cloud Energy and Emissions Research Model developed by the 
Lawrence Berkeley National Lab. The open-access online tool allows users to 
assess the operational and embodied impacts of using a Cloud service versus the 
same service in a physical facility. Only considers energy and greenhouse gas 
(GHG) emissions.  

Guidelines on how to approach data centre LCA are set out by The Green Grid (17), 
who also identify key performance indicators for measurements which can be used to 
reduce environmental impact, as the typical data centre’s high degree of complexity 
makes it almost impossible to produce a detailed data centre LCA (18).   
LCA is such a lengthy and time-consuming process at this time, that it may be best 
employed to inform design and purchasing decisions, based on analysis of findings 
from published data centre LCA studies.  
 
                                            
1 Permission to reproduce extracts from British Standards is granted by BSI Standards Limited (BSI). No other use of this 
material is permitted.  British Standards can be obtained in PDF or hard copy formats from the BSI online 
shop:www.bsigroup.com/Shop 
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Data Centre Life Cycle Impact 
Currently the industry focuses on energy efficiency, believing that measures like 
rapid server refresh will yield a lower environmental impact, but this usually relies on 
intuition rather than scientific evidence and is not necessarily true. The result may be 
a burden shift, where the total impact is not reduced but moved to another area (or 
even increased), in this case from the in-use to the embodied phase. Furthermore, 
because of the massive consumption of energy by the industry, even if a life cycle 
perspective is used it is often energy-based and omits other environmental impacts. 
Again, this misses burden shift.  
Shah et al (5) analysed the life cycle impact of a hypothetical data centre in the USA 
using economic input output and process-based analyses, and found that the total 
life cycle environmental impacts caused by the IT equipment are similar to that 
caused by the cooling equipment. 
Whitehead et al. (6) found that for a UK data centre using direct air free cooling, 
electricity production dominates the total life cycle impact and the operational phase 
is more significant than the embodied phase.  The second most significant impact 
derives from the disposal of metal refining waste products during the manufacture of 
IT components and electricity distribution networks.  Sulphidic tailings are a by-
product of the mining and refining of gold and copper used to manufacture ICT 
equipment, which can (in aerobic conditions) oxidise to an acid and dissolve metals 
from the tailings material. The disposal of tailings results in intensive land use, and if 
they are not disposed of responsibly, can leach arsenic and cadmium into 
surrounding water and soil. The use of gold and copper, and the complex disposal of 
their waste, therefore represents a significant environmental concern.  
The release of carcinogens (waterborne arsenic and cadmium and emissions to air of 
carbon dioxide, nitrogen oxides, PM-2.5 and sulphur dioxide from the disposal of 
sulphidic tailings) is one of the largest contributors to the whole life cycle impact and 
is almost equal in value between the embodied and operational phases. 
The same study found that a Swedish facility (using mostly renewable electricity) 
optimised for operational energy efficiency with a 1.25-year server refresh resulted in 
an embodied impact almost double the operational. 
It should be noted, however, that the study decided to include long-term emissions. 
These are generally related to landfill, where emissions are released over a long 
period of time. When completing an LCA, the contribution of emissions from the use 
of energy and materials are equated to impact categories (for example carcinogens 
and climate change). Characterisation factors (contained within a characterisation 
method) are then applied, based on their relative contribution to one of a number of 
damage categories; this converts a result to the common unit of the category 
indicator. The Eco-indicator 99 characterisation method, used in the Whitehead et al. 
(6) study contains three damage categories: human health, ecosystem quality and 
resources. Eco-indicator 99, uses three different perspectives to account for 
uncertainty in their damage models, with respect to which environmental effects 
should and should not be included: egalitarian, hierarchist and individualist. The 
hierarchist method looks at impacts in the long-term, only including substances 
where there is consensus on their effect and was used in the study because of the 
broad scientific and political acceptance of its viewpoint (19). Often long-term 
emissions are omitted from studies because they are emitted over so many 
thousands of years that it is assumed a solution will be found to the problem within 
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that time and the full effect will not be realised. By doing this, however, it is hard to 
understand that there is a problem. 
It is the inclusion of these long-term emissions that creates the dominance of the IT 
equipment due to the refining of gold and processing of copper for the ICT 
components. Without these emissions, the overall impact of the IT reduces to 30% of 
the impact with them included.  The research should be built upon/improved so that 
proxy data is no longer used to represent the server (currently modelled as a 
computer), and to gain a deeper understanding for including/omitting long-term 
emissions.  
Shah et al (20) found similar results; the impact of the M&E infrastructure is similar to 
that of IT equipment, and state that the primary knobs for change are operational 
energy consumption, electricity mix and any parameters that influence the 
operational power of IT equipment such as utilisation, peak and idle power. The 
study also found significance from the manufacture of power and cooling 
infrastructure and its recycled content, as well as standby redundancy and facility 
thermal management. 

Focussing on the Current Big Offenders 
As previously, highlighted source energy mix has a huge impact on a data centres 
environmental impact, hence choosing renewable energy makes an important 
difference.   
Honee’s research in Sweden (21) found that embodied emissions due to capital 
infrastructure is 33% of the overall impact, much higher than a lot of studies, because 
of the clean mix of electricity present in the country. 
The main impact from servers stems from the refining of gold and copper and the 
disposal of sulphidic tailings in the manufacturing of integrated circuits (ICs) for 
printed wiring boards (PWBs, including integrated circuits and other electronic 
components found on a printed circuit board).  Thus, regular refreshing of IT 
components increases the data centre’s embodied impact.  
Whitehead (22) suggests the following measures for reducing impact of IT 
equipment: 

• Reduce the use of heavy metals in the production of IT components, to 
decrease the carcinogenic effects of the manufacturing stage.   

• Research the reduction of gold and copper in components, and the processes 
used in their refining, to reduce long-term emissions.   

• Reduce the total quantity of materials used in components, because of the 
frequency with which they are replaced.   

• Design for extended refresh periods, rather than incorporating planned 
obsolescence into the process.   

• Design for staged decommission, allowing for the replacement of only the 
parts that have come to their end of life.  Note that hardware is usually 
replaced in order to exploit higher performing new technology rather than 
reaching end of life due to failure. 

• Improve manufacturing processes to become less reliant on carbon-based 
fuels, which produce carcinogenic PAHs (Polycyclic Aromatic Hydrocarbons).   
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The Open Compute project shares data centre infrastructure designs so that 
participants can benefit from innovations not available from proprietary hardware 
vendors (23).  This results in designs using less material, components and energy.   
OCP racks have batteries in the racks, removing the need for the traditional 
centralised UPS and batteries and all the associated rooms and supporting services 
including cooling and fire detection and suppression.  Designing out these plant 
areas results in a footprint, capital and operating cost saving.  The impacts of these 
changes need to be considered, e.g. differences in reliability for altered electrical 
distribution, material recovery of lithium-ion versus lead acid batteries.   
The server thermal design is improved and allows cooling in a less energy intensive 
way; a traditional 1U server uses many 40mm diameter fans (e.g. eight fans inside a 
1U HP DL360p G8) and has a relatively small heat sink on each of its CPUs whereas 
some OCP servers are designed with two 80mm diameter fans and a large heat sink 
on its CPUs.  
In recent years the environmental operating range for air entering IT equipment has 
widened, as shown in figure 3 below, with ASHRAE (24) working with hardware 
manufacturers to reduce the energy requirements of data centre cooling systems.  

 
Figure 3 ASHRAE 2015 environmental ranges for air at intake of IT 
equipment 
These higher operating temperatures (increased in 2008) along with improved air 
management not only mean that operational energy can be reduced but that zero 
refrigeration cooling can be achieved in much of the world; elsewhere the sizing of 
refrigeration plant can be reduced (25).  The allows cooling systems and their 
supporting electrical infrastructure to be dematerialised.  In 2015 the lower humidity 
limit was reduced, reducing humidification requirements and water usage (most 
impact for direct air free cooling systems). 
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The manufacture of M&E equipment is also resource intensive, given the large 
quantities of metal required and complexity of manufacture.  In many cases, M&E 
services are overdesigned.  Clients may build in some spare capacity when 
specifying their requirements, designs also use their own safety margins and plant 
sizing often results in a model selection which is the next size up.   
Data centres are often conceived with a level of component redundancy which may 
be excessive, e.g. the centralised facility infrastructure is designed to be concurrently 
maintainable with minimal unplanned downtime but this may not be needed for all the 
IT services it supports.  Hence there are extra UPS modules and associated 
electrical distribution infrastructure, for example.  Virtualisation of servers means that 
less hardware is required to deliver the same IT service. 
This results in excessive material usage (embodied impact) and low part load 
operation, usually below the optimum efficiency range (operational impact). 
Dematerialisation of designs reduces their embodied impact; simpler designs with 
fewer components also have the advantage of being more reliable and easier to 
operate and with reduced purchasing and operating costs.   

Impact of water usage and discharge 
Water stress is increasing and so is the environmental impact of water use (26).  
Some traditional chilled water cooling systems employ cooling towers for heat 
rejection, which continually consume and discharge large volumes of water but use 
less energy compared with air cooled chillers.  Evaporative cooling is used in 
modern, low energy data centre cooling solutions as this significantly reduces 
electricity consumption albeit with increased water consumption, compared with air 
cooled chillers.  Water is evaporated for cooling at higher ambient conditions instead 
of refrigeration which has a much higher energy consumption.  In response to 
concerns about water consumption in data centres The Green Grid developed the 
Water Usage Effectiveness (WUE) metric (27).  However, as water is consumed in 
electricity generation in many cases, the overall impact may be to reduce water 
consumption and thus the environmental impact.  
Water quality needs to be controlled for both hygiene e.g. preventing Legionella 
(health & safety), and protection of its storage and distribution system, i.e. to control 
scale, corrosion and biofouling which can impede system performance and reduce 
system life, for example through reducing heat exchange properties (e.g. condenser 
scaling).  Water sampling can measure settled solids, suspended solids and “total” 
metals, dissolved solids, microbiology and dissolved oxygen.  Chemical water 
treatment is used to maintain water quality within systems used for cooling / heat 
rejection and or humidification.   
Studies have indicated that the impact of water consumption is relatively low (20, 22), 
however discharged water has a far higher environmental impact than tap water, as it 
requires processing (including dilution) to be converted from contaminated water 
which may contain iron, copper, corrosion inhibitors, biocides, chlorine, acids (added 
to control pH levels), salts (for softening), ozone etc., back to clean water.  
Consider the volume of clean water which would be needed to render a cup of 
contaminated water drinkable by dilution; one study uses a factor of 250 (28); and 
assumes that half of water consumed is evaporated and the remainder discharged, 
discharged water has 125 times the impact of water consumed.  In reality the type of 
water treatment undertaken both on and off site, which could also include UV, ozone, 
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reverse osmosis, would have different impacts.  This is an area where the 
environmental impact is thought to be underestimated due to the limited LCA data 
and lack of focus on it.   
 

Future Work to Better Inform and Provide Incentives to the Industry 
Barriers to improving environmental impact include lack of data, awareness and 
regulation to drive mandatory improvements.  However this is changing and 
government and corporate commitments to encouraging more sustainable practices 
are resulting in the development of policies in support of this.   
As explored in a previous paper (9), the business case for energy efficiency is clear 
when considering total cost of ownership; a return on investment can be calculated to 
offset any increased capital cost through reduced operating cost.  Reducing 
embodied energy through dematerialisation via reduced plant sizing and simpler 
designs results in a reduced capital cost.  However, in the case of IT hardware 
refresh rates, the business case for improved performance may outweigh this 
increased cost.  In cases where renewable energy is more expensive than that 
derived from fossil fuels, the commitment to sustainability may be turned into a 
business advantage where the data centre operators customers choose them for 
their ‘greener’ practices (brand value).  Growth in renewable energy production 
coupled with government incentives can help to bring down the price and make this 
more financially attractive.   
As the industry becomes more energy efficient and renewables become more 
accessible, the industry will undergo burden shift. This needs to be continually 
tracked.  
LCA data is not currently publically available for most data centre IT hardware, 
although the GaBi database now contains a large amount of componentry LCI data 
that could be used to compile relevant LCAs (29).  If manufacturers undertook these 
studies and shared this information it would allow purchasers to understand the 
relative impacts of one model over another and inform purchasing choices as well as 
inform materials optimisation.  There is scope for such data to be integrated into BIM 
tools, thus creating an inventory that holds embodied impact information and 
facilitating life cycle costing. 
Newer generations of IT hardware provide better performance per watt and 
assessing both their embodied impact and improved energy efficiency for a given 
energy source would allow an analysis of the optimum timescale for hardware refresh 
to minimise environmental impact. 
There is further work to be done in investigating the life cycle impact of current 
industry practices, such as raising server inlet temperatures, to understand any 
secondary impacts.  Industry trends include use of liquid cooling of IT and heat 
recovery; life cycle assessment should be used to understand their relative 
environmental impact compared with alternatives.  
Labelling schemes (like BREEAM) are widely adopted by the construction industry. 
The resulting rating acts as a marketing tool and promotes environmental competition 
– something similar, or a rating system like the EPC which simply gives 
scores/ratings for each damage category (human health etc.) could help the industry 
adopt a life cycle approach and drive decision making to reduce environmental 
impact in key areas.  However, any such scheme must be properly adapted for data 
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centres, and not focus on elements which are important for other building types, e.g. 
building fabric which has a significantly smaller (<0.5%) embodied impact when 
compared with that of power, cooling and IT systems (6). 

Conclusions 
There is increasing awareness of sustainability issues and market pressures for 
companies to demonstrate their commitment to reducing their environmental impact.  
A life cycle approach helps users effectively assess the holistic impact summarised in 
Figure 4; it is essential that sustainability does not stop at energy efficiency.  

  
Figure 4 Summary of key data centre life cycle impacts 
Much of the current focus is on energy use of facilities and IT equipment; 
improvements here reduce operational expenditure whereas there are opportunities 
to reduce capital expenditure by reducing the equipment impact of facilities and IT.  
The energy mix (for the operational and embodied phases) is highly significant for the 
total environmental impact, as well as impacting the brand value.   
 
There is more work which needs to be done in this area, however LCA studies have 
identified several actions data centre designers and operators should consider, 
described in this paper, in order to reduce their environmental impact.  
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